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Hypotrichosis' or so-called "hairlessness" in the rat (Mus
Norvegicus) has been reported by Doubleday (22), Beicher (8),
Roberts (58, 59), and Wilder, Bethke, Kick and Spencer (74).
The earliest of these records by Doubleday published in Zoologist,
1903, states:
"At the scientific meeting of the Zoological Society of London at Hanover
Square, on December 1, Mr. F. E. Beddard exhibited, on my behalf, a hairless
specimen of the Common Rat (Mus decumanus), which had been captured at
Leyton, Essex. Two other exactly similar individuals had been caught, and
others, in the same condition of nakedness, had been observed at the same place.
The skin was of a slate-colour, and wrinkled into folds all over the body. No
cause was assigned for the peculiar condition of the animal, some of the members
present being of opinion that it was congenital, and others that it was
pathological."
The presence of other hairless individuals in the same neighbor-
hood is suggestive of the hereditary nature of the character
though no definite evidence was available. A year later Belcher
described the same condition in a rat caught in 1898. In Bel-
cher's description which follows no evidence of inheritance is
given and the loss of hair is attributed to disease:
"I have recently had in my possession a stuffed specimen of a hairless Rat
(Mu rattus, male). It was kindly lent to me for inspection by Mr. Ernest Lowe,
the Curator of the Plymouth Museum and Art Gallery.
"The Rat was caught alive in October 1898, in the victualling yard of the
1 E. Roberts, Division of Animal Genetics, Department of Animal Husbandry,
J. H. Quisenberry, and L. C. Thomas, formerly Assistants in Animal Genetics,
University of Illinois.
'Because some hair is present the terms hypotrichosis and hypotrichotic are
preferable to hairlessness and hairless. The last two are in general use and in this
paper are used synonomously with hypotrichosis and hypotrichotic.
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FTG. lA-B. A, original hairless mutant male; B, origiaal hairless female.
Fin. 2A-F. Showing different stages of less of hair of female 134. A, 21 days;
B, 23 days; C, 26 days; D, 28 days; E, 31 days; F, 38 days.Fin. 3A-F. Front view of same animal and same ages as shown in Figures
2A-F.
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Ordnance Store Department at Stonehouse, Devenport. At the time of its
capture it was in the possession of a few long wooly hairs, besides the whiskers.
Fio. 4A-D. Illustrating the change in the hairless rat with increasing age.
A, 58 days; B, 87 days; C, 129 days; D, 299 days.
Fin. 5A-B. Rypotrichotic rats eighty days of age from same litter. Note
difference in amount of hair.
Fin. 6. Female 4405 was hairless at five weeks of age but later regained a normal
growth which was retained throughout life. Discarded at the age of 621 days.
Her genetic constitution was
Fin. 7. Male 5782 which lost hair as did homozygous (h9h) individuals, but
later regained a partial coat which was retained. The genetic constitution of
this male was
Fm. 8. Male 5053 which regained a partial coat of hair but homozygous hair-
less.
Fin. 9. Skin from normal rat transplanted to hairless rat maintained hair.
When the animal was at rest the skin appeared all creased and wrinkled, but in
active movements the folds disappeared. The Rat measured 7 in. from the
muzzle to the root of the tail, taken along the contour. The tail, which was not
FIG. 10. Percentages of haired and hypotrichotic individuals alive at various
ages. 32 of each kind at beginning of test.
FIG. 11. Growth of haired and hypotrichotic rats.
FIGS. 12—15. Weights of four pairs of rats, each pair litter mates of the same
sex, one member haired and the other hypotrichotie. haired;
hypotrichotic.
hairless; scutellae cycloid, encircling, but somewhat widely separated, and
attached all round. Ears also quite nude. The loss of hair is attributable to
disease."
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perfect, measured 6* in. in length. The ambit, behind the scapulars, 5* in. Skin
granulated, dirty brown. Hind feet webbed to half length of first phalanx. Tail
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The hypotrichotic animals which served as the basis for the
studies reported in this paper were obtained in 1923 through the
kindness of Mr. C. A. Smith, Farmington, Illinois, who dis-
covered two, a male and female (Figures lA-B), while tearing
down a pigeon house. The female failed to produce young, but
several litters were obtained from matings of the hairless male to
normally haired albino females.
DESCRIPTION
The hypotrichotic rat when young is normal in appearance and
indistinguishable from normal rats until about fifteen to twenty
days of age, when a loss of hair is first noticed around the nose and
head region. Usually within a period of two or three weeks all
the hair that is to be lost has fallen out. Figures 2A-F and 3A-F
illustrate the process of hair-loss as it usually occurs in rats
homozygous for hypotrichosis (hh). Some hair is always pres-
ent .on the hypotrichotic individuals and the "whiskers" or
vibrissae appear normal. The amount of hair remaining varies
considerably. Figures 4A and 8 show about as wide differences
as we have observed among our animals. Butcher (14) concluded
from his studies that hair growth in the young albino rat is cyclic
and that the cycles occur approximately every 35 days. The
follicles are active for about the same length of time. The growth
period in the first cycle lasts from birth until sixteenth or seven-
teenth day of life according to Butcher.
Hypotrichotic rats are subject to a cyclic regeneration of hair.
From our observations on the loss and growth of hair, these
periods seem to be about the same as reported by Butcher (Fig-
ure 16). The time at which the loss of the first coat begins cor-
responds to the time of the beginning of the period when the
follicles are inactive. The partial regeneration of hair occurs at
about the time of the second cycle of activity in the albino rat,
between 35 and 50 days. The new partially regenerated coat is
very noticeable between 40 and 45 days of age.
Several successive cycles may occur in the hypotrichotic rat,
but in general as age increases the amount of hair regained de-
creases. The age at which hair growth ceases is not known but it
varies among individuals. In fact some animals do not regain a
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FIG. 16. Diagram showing the depth and the condition of hair follicles in the
dorsum at various ages, based on histological sections. , indicates level
of surface epithelium. , represents depth of actively growing follicles.
, shows depth of follicles in resting or quiescent condition. Reproduced
by permission from Anatomical Record, vol. 61, p. 11.
being due almost exclusively to the numerous crypts which extend downward from
the surface. Under the skin a stratum of connective tissue and voluntary muscle
may be recognized. The latter are in large part necrotic (post mortem
decomposition).
"The features of interest in this section are, of course, the hair follicles. These
are extremely numerous as is to be expected for a rat, are broad and quite filled
by a loose keratinous substance of the same character as that which covers the
surface of the skin. The lining of the follicle is of the same general character as
that of the general skin surface,—thin, and comprised by thin, tightly packed
squamous cells. Within most of the follicles one can recognize a central portion
which does not stain as deeply as the rest of the keratinous material and which
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noticeable amount of hair after losing the first coat, while others
have had as many as four cycles. See Figures 5A-B.
The skin of the hairless rat becomes increasingly thickened
and wrinkled as age advances until in many cases the eyes are
closed (Figures 4A-D). A laboratory examination (unpublished)
of a relatively young animal, 94 days of age, was made at the
Laboratory of Dermatological Research, University of Pennsyl-
vania, through the kindness of Dr. Weidman, and reported as
follows:
"The surface of the skin is covered by a thick accumulation of loose keratinous
substance. This is arranged upon an extremely uneven surface, the irregularity
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can be envisaged as a hair. Close examination of such a structure, however, does
not in most cases satisfy the observer that this is a genuine hair, but that it is
loose keratinous material which varies slightly in its tinctorial and probably also
chemic characters from other keratinous material in the follicles. The follicles
extend fairly deeply down into the corium,—probably to about the same depths
as in normal cases. Upon search, one can recognize a certain tendency for group-
ing such as occurs in the normal; it is certain, however, that it is not nearly as
clearcut and definite as normally. Attention is particularly paid to the fundi of
the follicle. In no case could a definite hair papilla be discovered. Nor could
sebaceous glands as such be recognized anywhere; the best that could be done
was to identify small groups of perhaps four or five cells located as a part of the
floor of the follicle and in which the cytoplasms of the cells were somewhat more
rarefied than those nearby. Definite fat globules were not recognized in these
cells. Search was made in the deepest parts of the section for sweat glands, but
none was identified with certainty.
"Certain other structures were found, however, in these parts in the form of
smaller and larger cysts which contained keratinous material, arranged more or
less in circumferential lamellae, and whose linings were thin and squamous in
nature. These can only be interpreted as deeply situated portions of hair follicles
whose outlets perhaps have been obliterated and in which the accumulation of
material has resulted in a minute dermoid cyst. Most interesting in this connec-
tion is the appearance of some particularly large examples of this same kind of
cyst in which the cyst was elongated and running parallel to the skin surface.
Furthermore, in one or two of these a heavy hair could be identified. This is
the most puzzling phenomenon; it appears as though the hair, instead of growing
perpendicularly toward the surface, was extending horizontally parallel to the
plane of the subcutaneous tissue. A further interesting feature was the presence
of one or two transverse sections of coarse hairs, around which foreign body giant
cells were disposed. Here, there is only one interpretation, i.e. that a hair has
developed, but that the sheath was not developed around all parts of it (higher
up for instance) and thus it came to constitute a foreign body.
"Skin from a hairless rat, bred by Professor Roberts of the University of
Illinois, shows that the hairlessness is the result of hypoplasia on the part of the
follicle. It is not a complete aplasia inasmuch as the sheath of the follicle has
developed. The abnormality consists in the failure of the papilla to develop,
together with those histogenetic cells which have to do with the formation of the
hair shaft. The conditions are thus ideal from the dermatological research stand-
point, inasmuch as we do not have a complete suppression of all portions of the
pilary apparatus; that is, conditions approach the normal more nearly than were
the entire follicle to be suppressed. Sweat glands were not exhibited in this skin.
The remaining interesting feature was the development of foreign body
granulomas around some coarse hair shafts located deeply in the section, together
with the appearance of small dermoids in the same locality."
Very complete histological studies of the skin of hairless rats
have also been made by David (20), to whom specimens from our
laboratory were sent. She found,
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"Generally the hair canal is cystically enlarged, especially if the hair shows
bendings in this region. The material examined has not been suitable for de-
termining whether or not new hair primordia are laid down with the second
growth of hairs, as described by dry for the normal rat. The presence in the
second growth of hairs of growing follicles with relatively small sebaceous glands
and unenlarged hair canals indicates that such follicles may have been formed
from new primordia.
"Cysts of all types (follicle-end, hair-follicle, sebaceous gland, and hair canal)
can be found in different stages of development following the initiation of growth
of the second generation of hairs. As indicated above, a few cysts (utriculi and
hair follicle cysts) may be found in the first hair growth. The utriculi are espe-
cially conspicuous, and reach an immense size. They often exceed the thickness
of the skin, producing the elevations which are seen macroscopically on the inner
surface of removed skins. This type of cyst is invariably packed with stratum
corneum, which shows the typical concentric arrangement of its lamellae.
Tangled hairs are generally found. The walls of the utriculi are of special interest
because of their embryonic nature as manifested in proliferative power. They
may be 5 or 6 cell layers deep and resemble typical epidermis of a young rat.
The basal layer shows cells whose long axes are perpendicular to the cyst wall.
The stratum granulosum may consist of one or more layers and appears very
conspicuous. The outer layers of stratum corneum are intimately connected with
the stratum corneum which packs the center. The thickest walls may exceed
the epidermal layer both in thickness and in number of cell layers. As is true
for the epidermal layer some time after laying down hair primordia, the walls of
the utriculi lose their embryonic power and become much reduced in thickness,
even to one cell layer. All stages of atrophy can be found in a single animal.
During this process the nuclei of the basal layer lose their perpendicular arrange-
ment and come to lie in a plane roughly parallel to the cyst wall. Generally when
the wall consists of only one layer of cells, degenerative nuclei between this layer
and the stratum corneuni give the appearance of a thin, irregular stratum
granulosum.
"Other cysts more closely resemble those found in the mice, but even these
show some differences. The excessive amounts of pigment found in the hair-
follicle cysts, and the presence of typical stratum corneum in many of the cysts
formed from portions of the follicle below the sebaceous glands, are especially
noticeable. The first condition probably results not only from the larger size of
the hair, whereby the difference is largely relative, but also from the high propor-
tion of well pigmented hairs in regenerations. The presence of well defined
stratum corneum probably indicates that cyst walls formed from lower parts of
the follicle may also possess an embryonic proliferative power comparable to
that found in young utriculi. Usually, however, as is true in the mice, this power
does not extend to the formation of typical stratum corneum, but only to the
formation of the cyst, which may be quite large, and of sparse stratum corneum-
like material within. It would seem, therefore, that the skin of the rat retains
its embryonic nature to a higher degree than does that of the house mouse. Con-
sequently it may be called less specialized.
"The appearance of the skin is greatly altered, due to the cysts already de-
scribed, hair remains, cell infiltrations, and the presence of irregularly directed
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growing hairs. Hairs in all stages of degeneration are found. Brown pigment
granules occur in great masses, usually clumped, and it is accordingly assumed
that these granules are not resorbed. Neither the subcutis nor the corium shows
degenerative changes, and their abnormal appearance is secondary to the above-
mentioned conditions. Following the laying down of hair primordia, the
epidermis undergoes regressive changes, but the stratum granulosum is present
in the skin of the adult animals. The epidermis from hairless animals appears
normal, except that, especially in the region of the hair canals, a conspicuous
stratum granulosum persists. Its distinctness, however, seems to vary in differ-
ent body regions. Erickson (1931) has recently stated that it is lacking in the
tail of the normal adult rat. Abnormal amounts of stratum corneum are chiefly
TABLE I
Result8 of matings between heterozygous (H5h5) and between heterozygous (H5h5)
and homozygous (h5h5)
MATING LrITER
PROGENY PROBABLE
ERROR
D)
Haired
1142
193
Hairless
368
72
Hh7 X d'Hh Complete*
Incomplete
Total
Theoretical
1335
1331.25
440
443.75
12.27 .31
X d'h,h,,
hyhy >< c3'Hyhy
Complete
Incomplete
Complete
Incomplete
558
76
72
25
557
81
65
19
Total
Theoretical
731
726.5
722
726.5
12.84 .35
* "Complete" refers to litters in which all were classified. "Incomplete"
refers to litters in which some young had died before classification.
limited to the cysts, although there is probably a hypertrophy of the surface
layer. This is difficult to ascertain because the lack of a hair cover probably
permits a greater accumulation of this layer.
"The sebaceous glands are hypertrophied and the musculi arrectores pilorum
generally are dislocated."
INHERITANCE
Preliminary reports by Roberts (58, 59) showed that hypotri-
chosis is a recessive character due to a single gene. Table I
gives the ratios obtained among offspring from different types of
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matings. The figures published in the preliminary reports are
included. The observed ratio among offspring from Hh X
Hh is extremely close of the theoretical as is also the case with
Hh x For the former ratio = .31, and in the latter
=
.35. Obviously the recessive class (h7h) has not been de-
creased by elimination before classification. If the recessive
class were less viable than the dominant, one would expect to
find a greater departure of observed from theoretical ratios
among incomplete litters than among complete litters. This,
however, is not the case as can be seen from Table I, indicating
that up to the time of classification at the age of three to four
weeks the mortality among the hairless is no greater than among
the haired individuals.
Another hairless mutation in the rat at the Agricultural Experi-
ment Station, Wooster, Ohio, was reported by Wilder et al. (74)
in 1932. The results of their tests showed this hairless condition
to be a simple recessive. Crosses of this hairless strain with
ours indicated that hairlessness in both mutations to be due to the
same gene. Feldman (25) also made the same cross and con-
cluded that the results indicated rather definitely that the two
hairless mutations are either identical or very similar allelo-
morphs.
LINKAGE TESTS
Linkage tests were made between hypotrichosis and non-
agouti, hooded, red eye, dilution and color. The following
symbols for the characters referred to in this paper are used:
A—agouti, a—non-agouti
H—self color (entirely colored), h—hooded
R—dark eye, r—red-eyed yellow
D—intense color, d—dilute color
C—color, c—albinism
Hi—haired, h7—hairless (hypotrichosis)
Cu—curly, cu—normal coat
1. Hypotrichosis and non-agouti. For a test of linkage between
hypotrichosis and non-agouti heterozygous animals (HhAa)
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were mated to homozygous recessive individuals (hhaa). TheHA ha. .formulas
-i---— x i— indicate the pairs of genes which came in
together and which, if linkage exists, should tend to remain to-
gether. If linkage does not exist four phenotypes, theoretically
equal in number, should be found among the progeny. The ob-
served results were:
HA 117a hA h7a
Haired, agouti Haired, non- Hairless, agouti Hairless, non-
agouti agouti
152 144 148 149
The theoretical expectation for each class is 148.25. The
parental combinations HA + ha = 301 and the new combina-
tions Ha + hA = 292. The deviation from the expected
(296..5) = 4.5 8.21, which is not a significant departure and
indicates the absence of linkage.
. Hypotrichosis and hooded. The same type of mating wasHH hh
used, ---- x The four classes with the observed numbers
11yii IlylJ
were:
H7H H7h h,H hh
170 132 168 136
The parental combinations HH + hh = 306 and the new com-
binations Hh + hH = 300. The deviation of the observed
from the expected is 3 8.25, an insignificant departure.
3. Hypotrichosis and red eye. Among the progeny of Xhr
the following classes and numbers were produced:
HR Hr h7R hr
146 140 145 142
The observed number in the parental combinations, HR and
hr, was 288 and in the new combinations, Hr and hR, 285.
12 E. ROBERTS, J. H. QIJISENBERRY AND L. C. THOMAS
The deviation of the observed from the expected is 1.5 8.07,
which is not significant. HD hd4. Hypotrichosis and dilution. The matings X pro-
duced:
HD Hd hD hd
142 125 148 128
The parental combinations, HD and hd contained 270 and the
new combinations, Hd and hID, 273. The deviation from the
expected is 1.5 7.84, which is not a significant departure.
5. Hypotrichosis and color. The mating used for a linkage
test of these genes was between heterozygous individuals,
x. This type of mating if no linkage exists should produce
a theoretical ratio of 9 haired, colored: 3-haired, albino: 3 hairless,
colored: 1 hairless, albino. With linkage the Hc and hC
classes should be larger than expected on the basis on independ-
ence. The results were:
HC Hc hC hc
Observed 327 106 109 37
Expected 326 109 109 36
The theoretical expectation is given in closest whole numbers.
The fit is very close, x2 = .1135 and P = .99+. This is a very
close fit and indicates the absence of linkage. None of these
tests gives any evidence of linkage of hypotrichosis (hi) with
non-agouti, hooded, red eye, dilution and color. A summary .of
all of these ratios is given in Table II. King and Castle (35)
found hypotrichosis to be independent of curly, yellow and
albinism.
LONGEVITY OF HAIRLESS ANIMALS
Thirty-two hairless and thirty-two haired animals were ob-
served for the length of the life cycle. Seventeen pairs consisted
of litter mates of the same sex. The results are given in Tables
III, IV, and V. Among the hairless individuals the minimum
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TABLE II
Tests for linkage of hairlessness (ha) with non-agouti (a), hooded (h), red eye (r),
dilution (d), and color (C)
PARENTAL CONSTiTUTION
PROGENY-PHENOTYPE
PARENTAL
COMBI-
NATIONS
NEW
COMBI-
NATIONS
HA Hyft hA hya EA + h7a HyR + hA
Xha ha
X
h1a ha
127
25
126
18
125
23
148
hH
146
22
168
131
18
149
hh
118
18
136
258
43
301
Hfi + hh
262
44
306
HR + hyr
250
38
251
41
292
H7h + hU
260
40
300
Hr + hR
239
46
Total 152
EH
144
26
170
144
H,h
114
18
132
><
X
Total
)<
h7r hr
Xhr hr
ER
123
23
Hyr
118
22
h7R
121
24
hyr
127
15
Total 146 140 145 142 288 285
HD hdv— X d'—
d—
HD
122
20
Hd
102
23
hD
120
28
hd
115
13
HD + h1d
237
33
Hd + hD
222
51
Total 142
HC
327
125
ll.e
106
148
hC
109
128
ho
37
270
H7c + hC
215
273
EC + hc
364Hc He— X dl!
1i,C hC
life cycle was 181 days and the maximum was 683 days. The
average was 360.5 13.9 days. Among the haired animals the
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TABLE III
Comparison of longevity of haired and hairless rats
SERIAL SEX PHENOTYPE t: SERIAL SEX PHENOTYPE
5712 Haired 244 6056 9 Haired 665
5715 ? Hairless 428 6057 9 Hairless 254
5713 9 Haired 977 5681 d1 Haired 898
5716 9 Hairless 288 5784 c3 Hairless 367
5740 9 Haired 526 5683 c? Haired 321
5734 9 Hairless 382 5804 d1 Hairless 628
5735 9 Haired 331 5689 9 Haired 904
5737 9 Hairless 683 5842 9 Hairless 343
5750 c Haired 1033 5714 9 Haired 574
5756 d' Hairless 398 5843 9 Hairless 209
5753 c3 Haired 559 5720 d Haired 255
5757 d Hairless 365 5882 d' Hairless 400
5755 9 Haired 563 5721 c3' Haired 638
5758 9 Hairless 241 5916 c3 Hairless 310
5775 9 Haired 915 5754 c3 Haired 555
5779 9 Hairless 409 6050 cu1 Hairless 235
5776 9 Haired 369 5803 9 Haired 228
5780 9 Hairless 384 5854 9 Hairless 344
5778 S1 Haired 411 5806 9 Haired 450
5781 d Hairless 384 5855 9 Hairless 401
5777 9 Haired 1110 5807 5 Haired 618
5783 9 Hairless 279 6055 5' Hairless 191
5809 9 Haired 543 5808 5' Haired 355
5810 9 Hairless 528 6066 5' Hairless 290
5857 5' Haired 486 6059 9 Haired 296
5852 c3' Hairless 221 5856 9 Hairless 181
5858 5' Haired 406 5896 5' Haired 364
5853 5' Hairless 291 5927 5' Hairless 402
5883 5' Haired 572 6060 9 Haired 500
5881 51 Hairless 444 5933 9 Hairless 554
6049 9 Haired 757 5930 5' Haired 322
6051 9 Hairless 368 6373 5' Hairless 335
minimum cycle was 228 days and the maximum was 1110. The
mean was 554.5 28.6 days. The difference is 194 31.8.
= 6.1, showing that the means differ very significantly.
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TABLE IV
Summary of length of life cycle of haired and hairless rats
KIND NO. AVERAGE AGE AT
EXTREMES OF LIFE
Minimum Maximum
Hairless (hh)
Haired (Hh1)
32
32
360.5
554.5
181 683
228 1110
Hairless (hh)
Haired (Hh)
Members of pair from same litter and of same sex
17 373.4
17 615.7
221 683
244 1110
Males
Females
Longevity of males and females (bairless—b7h7)
15 345.5
15 362.9
221 628
181 683
Males
Females
Longevity of males and females (haired—H..hy)
15 558.1 244 1110
15 571.8 228 977
TABLE V
Longevity of haired and hairless rats
DAYS
ALIVE PERCENTAGE
Hyhy h7h H7h hh7
180
210
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
32
32
31
28
24
20
19
16
10
8
7
6
6
5
3
2
1
0
32
29
27
21
17
6
4
3
2
1
0
0
0
0
0
0
0
0
100
100
96.9
87.5
75.0
62.5
59.4
50.0
31.3
25.0
21.9
18.8
18.8
15.6
9.4
6.3
3.1
0
100
90.6
84.4
65.6
53.1
18.8
12.5
9.4
6.3
3.1
0
0
0
0
0
0
0
0
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Seventeen of the thirty-two pairs in the longevity study were
litter mates. Among these seventeen pairs the mean age at
death for the hairless was 373.4 18.1 and for the haired 615.7
40.0 days. This is essentially the same as for the entire group.
When the thirty-two pairs are analyzed by Student's method,
P =
.9974. Only 26 times in 10,000 would one expect to obtain
a difference between the hairless and haired rats as large as the
one found.
In some of the constants above both males and females were
included. This was justified because no significant difference
in the life cycle was found between males and females.
While the hypotrichotic rats are as viable in early life as the
haired, they have a significantly shorter life cycle. Figure 10
shows the percentages of the haired and hairless among the thirty-
two pairs alive at intervals of four weeks until all had died. From
this figure it is evident that the shorter life cycle of the hairless
begins to express itself after 180 days of age, the percentages of
both kinds alive being about the same up to this time.
GROWTH OF HAIRED AND HYPOTRICHOTIC RATS
Table VI gives the weights of normal and hypotrichotic rats
at intervals of ten days, and Figure 11 presents the same material
in graphic form. At every interval from thirty days when first
weights were taken, the average weight for hypotrichotic in-
dividuals is less than that for normals. Because of greater
mortality the hypotrichotic animals decrease in number more
rapidly than do the normals. The same general condition in
respect to weight holds for four pairs, each pair consisting of
litter mates of the same sex. See Figures 12—15.
BASAL METABOLISM3
The method used in determining the basal metabolism is
similar to the one described by Haldane (30) and modified by
Mitchell and Carman (48), a gravimetric method for determining
the respiratory exchange of small animals.
'This study was made by J. H. Longwell, formerly Assistant in Animal Hus-
bandry, University of Illinois.
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Care must be taken that the temperature inside the animal
chamber is approximately that of the critical temperature of the
animal, so that chemical regulation of the body temperature does
not enter in. The critical temperature of the normal iat is about
28°C. That of the hairless rats used in this investigation was
assumed to be about 31°C.
TABLE VI
Weights of haired and hypotrichotic rats
HURED llh KAIRLESS hh7
Age Number Average weight Age Number Average weight
dayS gm. days gm.
30 16 25.3 30 13 24.6
40 16 33.2 40 13 29.9
50 16 43.7 50 13 36.2
60 15 51.7 60 12 40.6
70 15 57.3 70 12 44.2
80 15 63.9 80 11 49.0
90 15 74.5 90 8 57.6
100 15 84.4 100 6 70.2
110 15 96.1 110 6 85.2
120 15 109.3 120 6 101.0
130 15 126.3 130 6 110.2
140 15 142.6 140 6 122.8
150 15 160.8 150 6 128.5
160 15 166.5 160 6 145.4
170 15 172.1 170 6 153.2
180 15 178.4 180 6 161.6
190 15 183.7 190 6 174.8
200 11 183.6 200 5 165.9
210 11 186.5 210 5 166.6
220 7 187.5 220 1 145.9
The basal metabolism determinations and other information
such as sex, weight, age, condition of hair, skin area, and length
of fast are given in Table VII.
The figures in this table do not indicate a difference in basal
metabolism due to age, size, sex, or hairlessness. The apparent
difference due to hairlessness is so small as to be negligible. The
average figure for the group, however, is considerably higher than
that found by Carman for normal albino rats. This suggests
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that this group of rats, all of which are of wild gray ancestry,
has a higher rate of basal metabolism than the more quiet albino
rats used by Carman. Lusk's work (44) on dogs bears out this
assumption. He found that a dog which had been allowed com-
plete liberty to run at large had considerably higher basal metab-
olism than the same dog after being confined to a small cage for
several months. The hairless rats might be expected to have a
TABLE VII
Basal metabolism determination for haired and hypotrichotic rats
SERIAL
1030
1038
992
1039
996
1031
1037
997
P
hairless
hairless
hairless
hairless
hairless
hairless
hairless
hairless
SEX
9
9
9
a"
a"
a"
ci'
d'
AGE
dayS
37
49
47
48
52
68
60
57
WEIGET
gm.
54
63
67
70
77
78
110
115
FACE
sq.cm.
162
170
188
194
207
211
261
268
hra.
48
48
48
24
30
48
36
24
mm.
15
15
17
15
18
15
21
30
B.Q.
.72
.72
.71
.72
.71
.73
.73
.74
DAILY
Were
2.37
2.50
2.73
2.22
2.47
2.86
3.98
4.10
11.14
11.76
12.80
10.43
11.58
13.48
18.76
19.38
M.
DAILY
693
667
627
536
559
638
718
723
Average 645
1029
1028
994
1036
haired
haired
haired
haired
ci'
a"
9
a"
42
44
50
82
64
68
73
135
172
190
199
298
24
24
36
30
15
18
25
17
.71
.74
.72
.73
2.47
2.43
2.41
5.34
11.58
11.49
11.33
25.17
636
605
569
844
Average 664
Average, all rats 651
Standard deviation, all rats = 82 calories. Probable error 55 calories.
higher basal metabolism than normal rats. Lusk reports some
work of E. Voit, in which the metabolism of pigeons was doubled
after the removal of the feathers.
SPECIFIC DYNAMIC EFFECT OF FOOD
The same apparatus was used for determining the specific
dynamic effect of food as was used in determining the basal
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metabolism of the rats. Instead of weighing each bottle sepa-
rately, the total weight of all the bottles, the animal, and animal
chamber was obtained at the beginning of the test. At approxi-
mately two-hour intervals the carbon dioxide output was de-
TABLE VIII
The effect of food on basal metabolism of haired and hairless rats (meat)
SERI.&a No 1039 1028 992 1031 1030 997
PRENOTTPE Hair- Haired AVER-
less AGE
Sax d ci'
Basal:
Cab, per sq. m. daily.. 536 605 627
Cals. per sq. m. per hr. 22.3 25.2 26.
Food meat in grams... 6 6
R.Q. and heat production
after.food:
hours:
R.Q
Cals. per sq. m. per
hr
3 hours:
R.Q 82 .81
Cals. per sq. m. per
hr 25.9 29.5
4 hours:
R.Q
Cals. per sq. m. per
hr
5 hours:
R.Q 81 .80
Cals. per sq. m. per
hr 25.0 27.0 34.6
7 hours:
R.Q 79 .77
Cals. per sq. m. per
hr 23.3 24.7 29.4
termined. The total weight of the entire apparatus was again
determined and the oxygen consumption computed. From these
figures the respiratory quotient and heat production for each
two-hour period were calculated.
PERHair- Hair- Hair- Hair- CENT
less less less less IN-
CREASE
9 ci' 9 9
638 693 723
1 26.6 28.8 30.1 26.6
6 6 6 8
80 .80 .80
31.2 34.4 32.8 23
.83 .83 .82 .81 .82
37.9 33.7 47.1 33.1 34.4 29
.81 .81 .81
32.3 40.2 36.2 36
.82 .80 .81 .82 .81
29.3 32.1 34.9 30.5 14
.79 .80 .79
31.8 27.3 3
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Because conditions controlling the determinations were not
satisfactory in all cases, oniy those results are included which
were obtained under satisfactory conditions. This includes
results on six rats fed raw lean meat and two fed a stock ration.
The results are given in Tables VIII and IX. Since the respira-
tory quotients observed following meat consumption were about
.80, approximately that resulting from the utilization of pure
protein, the calorific value of a liter of oxygen used in the corn-
TABLE IX
The effect of food on heat production using stock ration
SEEIAL No 1036 1037
PKEN0TYPE Haired Hairless AvERAoa
Sax
Basal:
Cals. per sq. m. daily 844 718
Cals. per sq. m. per hr 35.1 29.9 32.5
Food stock ration 10 gm. 9 gm.
Respiratory quotient and heat pro-
duction after food:
S hours:
ELQ .81 .79 .80
Cals. per sq. m. per hr 41.9 35.7 38.8 19
5 hours:
R.Q .81 .79 .80
Cals. per sq. m. per hr 43.9 37.4 40.6 25
7 hours:
R.Q .78 .76 .77
Cals. per sq. m. per hr 40.9 34.4 37.6 15
biistion of protein, with a respiratory quotient of .801, was used
in determining the heat production for the test with raw meat.
The calorific value of a liter of oxygen used in the combustion
of a mixture of carbohydrates and fat, neglecting protein, was
used in calculating the heat production with the stock ration,
because the ration consisted mainly of carbohydrates and fat
with a small quantity of protein.
These figures indicate that the metabolism of these rats is
normal, since the maximum increase in heat production above
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basal due to the ingestion of meat is approximately 35 per cent
and for the stock ration which is high in carbohydrates, about
25 per cent. These are very close to the average figures reported
for dogs by Lusk (44).
FERTILITY AND ASSOCIATED PHENOMENA
Hairless females are much less fertile than are normally haired
females, in respect to percentage of females producing young
Those that do produce young have practically as large litters as
do normal females. The average size of litter for 19 litters pro-
duced by hairless females taken at random was 7.95, while for
21 litters of normal females the average litter size was 8.0. This
indicates that the hairless females produce at ovulation as many
eggs as do the normal females. Some apparently do not ovulate
and others do so irregularly, though a few produce young rather
rgu1arly but for a distinctly shorter time than do normals.
Emery (23) studied the oestrous cycle of hairless, heterozygous
and homozygous haired females, and found the duration of the
oestrous phase to be normal in length, five to six days. The
duration of the oestrous cycle was found to be about twice as
long in the hairless females as in either the heterozygous or
homozygous haired. Emery found that often hairless females
would be in oestrous a few times and then continue in a dioestrous
period for several months, which might be followed by one or
more oestrous cycles or by death. Emery concluded from his
studies that hairless females may give birth to young but are
unable to lactate. This may have been true of the females with
which he worked, but we have had hairless females which have
nourished their young and which were in excellent condition at
four weeks of age, when they were weaned. Recently one hairless
female had a litter of twelve young, eleven of which were alive
and in good condition when weaned. Most of the young from
hairless females, however, have died before the age of weaning
and usually within a few days after birth. This is probably due
to the absence or decreased ability of hairless females to lactate.
Hairless males are apparently quite normal in respect to fer-
tility. Our stocks are continued by the use of hairless males
and heterozygous (Hh) haired females.
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ATTEMPTS TO INFLUENCE GROWTH OF HAIR ON HYPOTRICHOTIC RATS
Iodine and fresh thyroids. A type of hairlessness occurs in
young pigs, especially in the northwest part of the United States,
which is nOt hereditary but caused presumably by a lack of iodine,
has been reported by Welch (72), Hart and Steenbock (31),
and Smith (68). This form of hairlessness can be prevented by
supplying iodine to the diet of the pregnant sow. A study of the
effect of iodine on the hereditary hypotrichosis in rats was thought
to be worthwhile. To one lot of six hairless rats, fresh pig thy-
roids were fed daily in the proportion of 100 grams of fresh thyroid
to 100 grams of feed. The feed was composed of two parts of
whole wheat, one part of dried whole milk, 1 per cent sodium
chloride, and 2 per cent cod liver oil. The hairless animals were
from twenty-two to twenty-six days of age at the time of feeding
of thyroid was begun. The first coat of hair had not yet been
lost, two having only a small amount gone and none with less
than about half of a coat. All died before the eighteenth day of
feeding, with no apparent effect on growth of hair.
Another lot of four individuals of the same genetic constitu-
tion hh were fed potassium iodide mixed with the feed at rate
of .02 gram in 100 grams of feed. The individuals in this lot
were about the same as those above, in respect to amount of hair
present. One of the four individuals was twenty-two days of
age, two were twenty-five, and one forty-three days of age when
feeding was begun. They were fed for eleven days, at the end
of which time two died. There was no noticeable effect of either
fresh thyroid or potassium iodide upon the growth of hair, the
individuals becoming hairless during the period of feeding. The
fact that in both lots all but two of these animals died within a
few days after the feeding of thyroids and potassium iodide was
begun suggests that the hairless condition is not due to a lack of
iodine, but to an abnormal condition of some other part of the
body. If they were already receiving a normal supply of iodine
through the thyroid gland, the additional amounts of iodine may
be interpreted as the cause of death.
Cystine and cysteine. Martin and Gardner (46) reported that
the feeding of cystine stimulated hair growth in the hypotri-
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chotic rat and that a complete coat was produced in two weeks
by the use of cysteine.
Dr. D. B. Smuts (work unpublished) in 1931 fed cystine to
some of our hairless animals with no effect on the growth of hair.
In 1935 Roberts (62) using forty-eight hypotrichotic animals
paired on the basis of age, sex and litter mates, fed one of each
pair cysteine hydrochloride with negative results. Martin and
Gardner interpreted their results as an indication of an hereditary
absence of an enzyme in the hypotrichotic rat, capable of break-
ing glutathione or other peptide linkages involving sulfur-con-
taining groups into the constituent amino acids.
Skin from a normal HH rat transplanted to one that is hypo-
trichotic (hh) will grow and maintain hair (Figure 9). This
means that if cysteine is necessary for hair growth that the cells
of the skin must have the power to form cysteine from more
cnmplex compounds, if the hypotrichotic rat is hereditarily
unable to perform this function.
We had one animal in the laboratory, which was phenotypically
hypotrichotic, that later grew a coat of hair normal in appearance
(Figure 6). Another animal grew a partial coat (Figure 7).
The hair of the latter appeared to be normal in length but only
about half the normal quantity. Both of these animals, one a
female, the other a male, proved by test to be of the genetic con-
stitution (Hh) and should theoretically not have been hairless.
These two rare cases suggest the possibility of some kind of a
threshold below which an Hh individual will not have a normal
coat of hair.
HISTOLOGICAL EXAMINATIONS OF GLANDS
Dr. F. S. Hammet reported (unpublished) that a histological
examination of the pancreas, thyroid, and adrenals of hairless
rats from our laboratory showed no essential structural differences
in these organs as compared with normal rats. It is entirely
possible, however, that physiological differences in the functioning
of glands may exist without the glands showing histological differ-
ences.
'Formerly Assistant in Animal Nutrition, University of Illinois.
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Emery (23) concluded that the spleen, pituitary, thyroids, and
testes are similar in weight in hairless and normal males, and that
kidneys and adrenals are larger in hairless than in haired of both
sexes, and that the ovaries and uterus are smaller in hairless than
in normal females. He also found that hairless animals possessed
a greater amount of the gonadal stimulating hormone of the
hypophysis than did normal albino rats.
According to David (20) loss of hair in the hairless rat is caused
from lack of formation of the hair club, and regeneration is in-
complete and abnormal. Follicles undergo degenerative changes.
HEREDITARY HAIRLESSNESS IN OTHER ANIMALS
Many cases of hairlessness in animals have been reported with-
out evidence from which one could determine whether they were
hereditary or the result of environmental factors. Listed below
are references to cases which are known to be hereditary.
Mouse: The occurrence of hairlessness in the house mouse (Mus musculus) has
been reported by Gordon (29), Gaskoin (28), Marshall (45), Bateson (6), Pocock
(55), Allen (1), Millais (47), Campbell (15), Barrett-Hamilton and Hinton (5),
Year Book of the Amateur Menagerie Club (76), Brooke (13), Lebedinsky and
Dauvart (39), and Loeffler (42). The type of hairlessness reported by Brooke is
recessive, while the one reported by Lebedinsky and Dauvart behaves as an
incomplete dominant. The hypotrichosis of the infantile mouse reported by
Loeffler is inherited as a recessive.
Sumner (69) reported a recessive hairlessness in the deer mouse (Peromyscus).
Swine. Hereditary hypotrichosis in swine has been known for some time and
its mode of inheritance has been reported by Roberts (60) and Roberts and Carroll
(63). The difference between the normal and hairless is dueto a single gene,
the normal condition being incompletely dominant.
Cattle. Inherited hypotrichosis in cattle has been reported by Cole (16),
Mohr and Wriedt (49), Craft and Blizzard (18), Wipprecht and Horlacner (75),
and Regan, Mead and Gregory (57). Not enough information was available to
establish the mode of inheritance of the case reported by Cole. The semi-hairless
condition reported by Craft and Blizzard was said to be a recessive trait. The
affected calves did not grow as well as did normals. In the other three cases the
affected individuals were either dead at birth or died shortly after birth.
Dog. Hairless dogs have been reported in certain regions of Europe, Asia,
Africa, and America. It is well known in Mexico and is sometimes called the
Chihuahua. The hairless condition is hereditary and according to David (19, 20)
the data of Plate (53, 54), Kohn (37), Prinzhorn (56), Letard (41), and Schotterer
(65) indicate that the character is a dominant. Excellent photographic repro-
ductions of the Mexican hairless dog are given by Anonymous (3).
HEREDITARY HYPOTRICHOSIS IN RAT 25
Rabbit. Kislovsky (36) reported a case of a recessive hypotrichosis in the
rabbit. The condition, however, is lethal, no individual living beyond a month.
Man. Many forms of hair deficiency in man have been reported. In some of
these the hair may be lessened in quantity by breaking off as in monilethrix, in
others the hair may be lost in later life, and in others the individuals may be
devoid of hair throughout the life cycle. Medical literature contains many
reports of hypotrichosis, often called alopecia or atrichia. Some forms of de-
ficiency are dominant, some recessive, some sex-linked, and some with the exact
mode of inheritance not determined. The following references while not all
inclusive include various kinds of hypotrichosis in man: Baer (4), Bergiund (9),
Bonnet (11), Eshner (24), Hyde (33), Josefson (34), Korybut-Deszkiewicz (38),
Leopold-Levi (40), Ludy (43), Nobel (51), Roberts (61), Roberts and Thomas
(64), Scheuer and Kohn (66), Van der Valk (70), Weech (71), and Wells (73).
SUMMARY
1. The occurrence of hypotrichosis in the rat is rare. The
young animal has a coat of hair, which is normal in appearance,
but the beginning of loss of hair is noticeable between fifteen
and twenty days of age. Cyclic regenerations may occur, but
the normal coat is never attained. As the animal grows older,
the ability to regenerate hair decreases. The skin becomes in-
creasingly thickened and wrinkled as age advances.
2. Hairlessness is the result of hypoplasia on the part of the
follicle, though not a complete aplasia because the sheath of the
follicle has developed. The abnormality consists in the failure
of the papilla to develop, together with those histogenetic cells
which have to do with the formation of the shaft. Follicles
undergo degenerative changes.
3. The difference between the normal and the hypotrichotic
condition is due to a single gene, and is inherited as a recessive.
Hypotrichosis is not linked with non-agouti (a), hooded (h),
red eye (r), dilution (d), color (C), and curly (Cu).
4. The length of the life cycle is significantly shorter for hairless
animals than it is for normally haired animals. In a test of thirty-
two animals of each kind the length of life for the hairless was
360.5 13.9 days and for the haired 554.5 28.6 days.
5. The basal heat production for normal and hairless animals
are not significantly different.
6. Hairless females are less fertile than are normal females in
respect to the number of females producing young. Some
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apparently do not ovulate, some do so irregularly, and some pro-
duce young regularly but do so for a shorter time than do normals.
7. Iodine (potassium iodide), fresh thyroids, cystine and cys-
teine fed in the ration had no effect on hair growth.
8. The maintenance of hair on a transplant of skin from a
haired to a hairless animal indicates that the cause of hairlessness
lies in the skin.
9. Histological examination of the pancreas, thyroids, and
adrenals of the hairless rat showed no essential structural differ-
ences from those of normal animals. The spleen, pituitary,
thyroids and testes are similar in weight in both haired and hair-
less animals.
10. Hereditary hypotrichosis is also found in the mouse, swine,
cattle, dog, rabbit and man.
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